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Difference in Death? A Lost Neolithic Inhumation Cemetery
with Britain’s Earliest Case of Rickets, at Balevullin,
Western Scotland
By IAN ARMIT1, FIONA SHAPLAND2, JANET MONTGOMERY3 and JULIA BEAUMONT1
Recent radiocarbon dating of a skeleton from Balevullin, Tiree, excavated in the early twentieth century,
demonstrates that it dates to the Neolithic period, rather than the Iron Age as originally expected. Osteological
examination suggests that the individual was a young adult woman, exhibiting osteological deformities
consistent with vitamin D deﬁciency, most likely deriving from childhood rickets; an exceptionally early
identiﬁcation of the disease in the UK with potentially signiﬁcant social implications. Isotopic analysis supports
the osteological evidence for physiological stress in childhood and further suggests that the woman was most
probably local to the islands. Analysis of the surviving written archive reveals that the surviving skeleton was
one of several originally recovered from the site, making Balevullin an exceptionally rare example of a British
Neolithic inhumation cemetery.
Keywords: Neolithic, inhumation, cemetery, rickets, Tiree, antiquarians
In spring 1912 a small group of Scottish antiquaries
excavated several inhumation graves near Balevullin on
the Hebridean island of Tiree (Fig. 1). Although their
work was never published, the proximity of these graves
to a concentration of Early Iron Age settlement activity
(MacKie 1965) led to a suspicion that the Balevullin
burials may be of similar date. As a consequence, the
sole surviving skeleton was included in a recent pro-
gramme of AMS dating, targeting human remains
associated with Iron Age domestic sites in Scotland
(Tucker & Armit 2009). The results from three radio-
carbon determinations demonstrated unequivocally,
however, that the burial was of Neolithic date and had
nothing to do with the later occupation.
The early date was surprising ﬁrstly because this
unusual individual had apparently suffered from
rickets: a childhood disease caused by vitamin D
deﬁciency, and more usually associated with the urban
slums of the early modern period than the wide-open
spaces of Neolithic Tiree. The disease would have
marked this individual as physically different in life.
Secondly, despite the profusion of monumental
funerary architecture, inhumation cemeteries are
virtually unknown in Neolithic Britain, making the
Balevullin cemetery a signiﬁcant and unexpected ﬁnd.
Was it that physical difference in life, in this case bone
malformations thought to be associated with rickets,
led to this unusual treatment in death?
DISCOVERY AND EXCAVATION
Balevullin lies in the north-eastern part of Tiree in an
area of coastal machair, light calcareous sands prone
to dramatic wind and tidal erosion. The periodic
exposure of ancient surfaces attracted antiquarian
attention from the late 19th century onwards, most of
which focussed on the retrieval of prehistoric artefacts
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(Beveridge 1903). The early 20th century excavations
which form the subject of this paper were led by A.
Henderson Bishop, a wealthy Scottish businessman,
pig-breeder and amateur archaeologist, although most
of the ﬁeldwork appears to have been carried out by
his assistant, Mungo Buchanan; the well-known anti-
quarian Ludovic Mann appears also to have been
involved (Ritchie 2002, 48).
Bishop’s team concentrated their efforts on an
imprecisely located area (NL 959 477) where the
machair surface had been disturbed by wind erosion,
exposing artefacts and structural remains. Excavation
focussed on an Early Iron Age structure (MacKie
1965), but also involved surface collection over the
surrounding area. As might be expected in such
circumstances, the chipped stone assemblage seems to
comprise a chronologically diverse assemblage, including
Mesolithic and/or Neolithic material (Pirie 2006, 7).
The discovery of the burials was described in a letter
by Bishop written many years later to Anne Robertson
of the Hunterian Museum in Glasgow: ‘it was on this
sandy area that Mr Ludovic Mann and his sister Mrs
Andrew Farquhar, found a stone age burial and in
1913 unearthed the skeleton which Dr Tommy Bryce,
then Prof of Anatomy, collared for his museum’
(Bishop 1952).
Although Bishop states that the excavation took
place in 1913, Buchanan’s notes made at the time
conﬁrm that it actually happened in 1912. ‘Tommy
Bryce’s museum’ was the Anatomy Museum at the
University of Glasgow, and it was from there that
the skeleton (Balevullin 1) was later transferred to the
Hunterian Museum, within the same university, to be
reunited with the rest of the Bishop Collection.
Although Bishop makes no explicit reference to any
other skeletons, their fate is implicit in the next section
of the letter: ‘These inhumations led to trouble with
the Islanders who accused me of digging up their
Ancestors and taking them to London to put in a
museum. It was reported to His Grace, of Argyle, and
we were requested to leave without any remains or
other treasures. When the ﬂints and hammer-stones
were shown to the local Factor we were absolved and
were permitted to take the ﬁnds.’
Fig. 1.
Location map
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It seems improbable in these circumstances that
Bishop was able to remove any further human remains
from Tiree. There is no indication of what subse-
quently became of them, but reburial by the local
community seems the most likely outcome.
THE BURIALS
Details of the Balevullin burials can be reconstructed
from documents found among Bishop’s papers at the
Hunterian Museum. The most relevant are a set of
pencil notes by Mungo Buchanan (1912) describing
the recovery of Balevullin 1 in some detail, with
accompanying sketches and photographs (Fig. 2). The
notes are dated 30 April 1912, and appear to have
been made during or immediately after the excavation.
An apparently later (but undated) typescript by Bishop
(nd) repeats much of this material, some of it verbatim,
but includes additional information on Balevullin 2.
The burials provisionally identiﬁed here as Balevullin
3 and 4 are each represented by a single photograph
without accompanying text.
Balevullin 1
Balevullin 1 lay under a simple stone setting which
would have formed a visible, though hardly monumental,
Fig. 2.
Balevullin 1. a: the stone setting covering Balevullin 1, with parts of the cranium and pelvis visible at the level of the stones.
b: photograph taken during excavation (Bishop Collection, Hunterian Museum). c: sketch plan of the skeleton. The plans
have been re–drawn by Rachael Kershaw from annotated pencil sketches by Mungo Buchanan (1912)
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above-ground marker (Fig. 2a). Although the spread
of stones on Buchanan’s plan measured approximately
1.4 m north–south by 1m, some of those on the west
and north sides may have been displaced from the
centre of what was probably a fairly regular rectan-
gular setting over the grave pit, measuring approxi-
mately 1.1 m north–south by 0.6 m. This seems
unlikely to have been any higher or more substantial
originally than it was on its discovery. It is possible
that the central stones may have been dislodged by
casual visitors to reveal the bones, or even by Mann
and his sister when they discovered the site. In either
case, the skull and pelvis were already exposed when
excavations began. The skeleton was ﬂexed, lying on
its right side, with its head to the south (Fig. 2b). The
folded position of the left wrist indicates that it may
have been broken before or during burial, or else
disturbed at a later date.
The only object found within the grave was ‘a white
quartzite pebble or chuckie, a little larger than a
walnut … about 3” [7.6 cm] from the lower edges of
the pelvic bones’ (Bishop nd). Given the complete
absence of stones from the clean sand into which the
burial had been dug this seems to be a deliberate
inclusion and should probably be regarded as a
funerary offering or else as an object belonging to the
deceased and perhaps buried in their clothing or
wrapping (Fig. 2c).
Three AMS 14C determinations obtained from
Balevullin 1 by the Scottish Universities Environmental
Research Centre have a combined two sigma range of
3340–3090 cal BC, placing the Balevullin 1 individual
ﬁrmly within the Neolithic (Table 1).
Balevullin 2
Records on the second Balevullin burial comprise
only a brief description by Bishop (nd) and a single
photograph (Fig. 3a). Any notes or sketches made by
Buchanan appear not to have survived. It lay ‘18 yards
due south’ of the ﬁrst and was again ﬂexed on its right
side, with the head to the south. Although there is no
mention of a stone setting, the preservation of the
burial was such that no above-ground marker could
have been expected to survive. Indeed, parts of the
skeleton, including the cranium, had disappeared,
most likely through surface erosion, before the skele-
ton was excavated. According to Bishop the ‘arms
were straight, pointing north …’.
Balevullin 3
Alongside the photographs of Balevullin 1 and 2 is a
print showing a third ﬂexed inhumation (Fig. 3b).
Although unlabelled, the burial environment appears
identical to those of the previous two, and the ﬁling of
the print alongside the other Balevullin graves strongly
implies that this is indeed a third burial from the same
site. The lack of any mention in the documentary
evidence can probably be explained by the rather
abrupt termination of the excavations. Based on the
photograph, this individual was apparently an adult,
rather more complete than Balevullin 2, in a crouched
or ﬂexed position on the right side with the arms
ﬂexed in front of the torso. The lower limb bones,
unfortunately, were not photographed in situ.
Balevullin 4
Balevullin 4 is again represented by a single photo-
graph (Fig. 3c) without accompanying text, and the
same caution must be exercised in its attribution. The
skeleton appears to be that of a child between 4 and
7 years of age, lying supine with the arms across the
body. Again the lower limb bones appear to have been
disturbed: only the distal femora are present, and these
TABLE 1: AMS DATING OF THE SOLE SURVIVING SKELETON (BALEVULLIN 1)
Lab ID δ13C (‰) δ15N (‰) C:N Radiocarbon age (BP) Calibrated date BC 1σ
(68% conﬁdence)
Calibrated date BC 2σ
(95% conﬁdence)
SUERC-23660 –20.6 11.5 3.2 4480±35 3330–3210 3350–3080
SUERC-24589 –19.9 – – 4490±35 3340–3260 3350–3080
SUERC-24952 –19.7 – – 4510±30 3240–3110 3360–3090
Combined 4495±19 3340–3100 3340–3090
All dates from human bone with calibrated age ranges determined from the University of Oxford Radiocarbon
Accelerator Unit calibration programme (Bronk Ramsey 2005) using dataset and calibration curve from Reimer
et al. (2004)
THE PREHISTORIC SOCIETY
4
point upwards and are broken off halfway along the
shafts. It is impossible to determine whether this took
place at the time of burial or during excavation.
Other burials
Buchanan’s notes include two sketches of dispersed
surface skeletal material which appears also to derive
from Balevullin. This suggests that the cemetery may
originally have been rather more extensive than the four
burials that can be reasonably securely identiﬁed with it.
OSTEOLOGICAL ANALYSIS
Skeleton 1 is substantially complete (68%) with good
surface preservation. Assigning sex proved proble-
matic due to the unusual shape of the pelvis, which is
high and narrow, although with an oval aperture and
Fig. 3.
a: Balevullin 2, b: Balevullin 3, c: Balevullin 4 (courtesy of the Bishop Collection, Hunterian Museum)
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ﬂat sacrum. Several features of the pelvis and skull,
however, suggest that this individual was probably
female. Age at death was estimated according to the
condition of the pubic symphysis and auricular surface
(Buikstra & Ubelaker 1994; Lovejoy et al. 1985), and
the degree of molar teeth wear (Miles 1962), at 25–30
years. Stature was calculated to be 145–150 cm
(4’9”–4’11”) based on the length of the single intact
femur (Trotter & Gleser 1958); notably short even by
prehistoric British standards (Roberts & Cox 2003,
67, 86). No serious dental pathology was noted on the
16 teeth present, although slight calculus and linear
dental enamel hypoplasia were present.
The most striking skeletal pathology noted in this
skeleton was on the sternum, which exhibits a severe
deformation known as pectus carinatum or pigeon
chest (Fig. 4a). The facets for the articulating ribs also
appear deformed, those for the 3rd–5th ribs being
expanded and showing evidence of degeneration in the
form of surface pitting, presumably as a result of the
sternum deformation. The manubrium and body of
the sternum are completely fused, which is unusual in
an individual of this age, and most likely a stabilising
reaction to the deformation of this bone. Although the
1st and 2nd ribs appeared normal, the 3rd–8th form
an unusual angle. The costal ends of the ribs, parti-
cularly ribs 5 through to 8, are slightly ﬂared. This
deformation is undoubtedly related to that of the
sternum, forming the typical ‘pigeon-breast’ defor-
mation of vitamin D deﬁciency (Ortner 2003, 397,
400). Although the tibiae and ﬁbulae are missing (they
are visible in excavation photographs), the humeri do
exhibit deformation, with the shafts bowed and rota-
ted (Fig. 4b). The single surviving femur, although not
severely deformed, exhibits an unusual angle of the
neck (coxa vara) and slight anterior–posterior bowing.
The deformation of the sternum and ribs are
diagnostic signs of vitamin D deﬁciency, and the
more subtle changes to the humeri and femora support
this diagnosis (Brickley & Ives 2008, 104–5). In
particular, the anterior–posterior deformation of
the sternum may be compared to classic cases of
‘pigeon-breast’ deformity noted in many rickets
cases (Fig. 5). Although similar deformation of the
sternum may be caused by genetic conditions such as
hypophosphatasia or chondrodystrophy these are very
rare, and childhood rickets is considered to be by far
the most likely cause (Gupte 2002, 493). Osteomalacia
(vitamin D deﬁciency in adulthood) may produce
similar skeletal deformities, but several aspects of this
case make rickets more likely. The bones were found
to be robust and heavy, whilst active osteomalacia
results in lighter, weaker bones (Ortner 2003, 398),
and no pseudofractures, a typical sign of osteomalacia
(Brickley & Ives 2008, 127–9), were noted. Some of
the particular pathological changes, such as deforma-
tion of the humeri, are particularly associated with
rickets during infancy (Ortner 2003, 397–9). All of the
changes found in this skeleton are typical of residual
childhood rickets (Brickley & Ives 2008, 107–8).
Given the relatively young age at death of this indi-
vidual, it seems most likely that all these deformations
took place within the ﬁrst 18 years of life, and that
substantial healing and remodelling took place before
death. This suggestion is supported by the stable iso-
tope data (see below). Repeated periods of vitamin D
deﬁciency over early and later childhood are a strong
possibility given the different skeletal changes noted.
Prior to the identiﬁcation of the Balevullin example,
the earliest cases of rickets identiﬁed in Britain did not
pre-date the Roman period (Brickley & Ives 2008,
140), making this individual more than 3000 years
Fig. 4.
Balevullin 1. a: sternum, b: humeri (photographs: Fiona
Shapland)
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earlier than the next dated case. Looking globally,
there are a few possible cases from the Russian
Palaeolithic, and from the later Neolithic Balkans,
South Africa (Brickley & Ives 2008, 134–5) and
Denmark (Brothwell 1969, 270), but many of these
are tentative diagnoses and the Balevullin case remains
highly unusual at this early date.
ISOTOPIC ANALYSIS
A series of isotopic analyses were carried out to
investigate the diet and potential origins of the
Balevullin 1 skeleton, using a second premolar tooth
and a sample of rib (Tables 2 and 3). Samples of core
enamel, cleaned of all surfaces and adhering dentine,
were removed for strontium, oxygen, and carbon
isotope analysis following the procedure detailed in
Montgomery (2002). The remaining tooth was bisec-
ted and one half subjected to carbon and nitrogen
isotope analysis of incremental dentine sections
following the procedure of Beaumont et al. (2013) in
order to investigate more closely diet over the period
of childhood when active rickets was inferred from the
osteological evidence. As dentine does not turnover or
remodel in the manner of bone, isotopic signals from
early childhood are preserved (Beaumont et al. 2013).
The isotope ratios of nitrogen, oxygen, and carbon
are expressed relative to international standards as
δ15N, δ18O, and δ13C and units are per mil (‰).
Strontium isotope ratios are expressed as 87Sr/86Sr.
Samples were measured at the University of Bradford
Stable Light Isotope Laboratory (δ18O and δ13C of
enamel carbonate, and δ15N and δ13C of bone and
dentine collagen), and the NERC Isotope Geosciences
Laboratory (NIGL) at the British Geological Survey,
Nottingham (87Sr/86Sr and δ18O enamel phosphate
and δ18O and δ13C of enamel carbonate).
Methods
Further details of the methods used are provided in the
online supplementary material.
STRONTIUM ISOTOPE ANALYSIS OF ENAMEL
The enamel sample was transferred to the clean laboratories
at NIGL where strontium was extracted according to
established laboratory procedures (Evans et al. 2006).
Fig. 5.
An example of sternal deformation caused by vitamin D
deﬁciency (courtesy of the Hunterian Museum at the Royal
College of Surgeons, London)
TABLE 2: ISOTOPIC ANALYSES OF THE BALEVULLIN 1 SKELETON
Element Tissue δ13C δ15N Sr 87Sr/86Sr δ18Ophos δ
18Oprecip
‡ δ13Ccarb δ
18Ocarb δ
18Oprecip
#
‰ ‰ ppm ‰ ‰ ‰ ‰ ‰
Rib Bone* –20.4 11.3
PM2 Dentine* (mean) –20.3 12.1
PM2 Enamel 1* –14.9 26.3 –7.3
Enamel 2** 355 0.70934 17.7 –6.4 –14.7 26.8 –6.8
*Measured at University of Bradford; **Measured at NIGL; ‡Calculated using Daux et al. (2008) Eq. 6; #Calculated
using the equation of Chenery et al. (2012); #Calculated using the equation of Chenery et al. (2012); Strontium data are
reproduced from Evans et al. (2012)
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OXYGEN AND CARBON ISOTOPE ANALYSIS OF ENAMEL
The enamel surface was removed using a diamond
dental burr and discarded. Samples of powdered enamel
(~5–15mg) were produced for oxygen isotope analysis of
both the carbonate and phosphate fractions at the University
of Bradford. The values in Table 2 are the resulting mean
values and the analytical error, based on the reproducibility
of the standards, was ±0.2‰ (1σ) or better for both δ18Ocarb
and δ13Ccarb.
At NIGL, oxygen isotope ratios were produced for both
the enamel phosphate and enamel carbonate fractions.
A batch control standard (ACC-1, Aldrich) converted to
Ag3PO4 had an analytical precision of ±0.12‰ (2σ, n=5).
For enamel carbonate, δ18Ocarb and δ13Ccarb values
were measured using a GV Isoprime duel inlet mass
spectrometer. In-house carbonate reference material (KCM)
was calibrated against NBS19 reference material to
normalise the δ18Ocarb values to the VPDB scale. The
reproducibility of KCM was ±0.06‰ (1σ; n= 9). The
resultant δ18Ocarb values were converted to the SMOW scale
using Coplen (1988).
CARBON AND NITROGEN ISOTOPE ANALYSIS OF DENTINE
AND BONE
Collagen was extracted from dentine and rib bone. Samples
were measured at the University of Bradford in duplicate,
and laboratory (ﬁsh gelatin and bovine liver) and interna-
tional (IAEA 600, CH6, CH7, N1 and N2) standards were
interspersed throughout the run. The analytical error was
±0.2‰ (1σ) or better for both δ13C and δ15N and all sam-
ples met accepted quality control parameters for identifying
good quality collagen (van Klinken 1999). Mean values are
presented in Tables 2 and 3.
Results
The strontium isotope ratio obtained from the tooth
enamel (0.70934) is a commonly found value in Brit-
ain and can indicate food sourced in a region of young
Mesozoic or limestone rocks, soils in areas of high
rainfall, or coastal regions inﬂuenced by sea-splash
(Evans et al. 2010). It is not in itself particularly
diagnostic. The high strontium concentration of
355 ppm, however, is rare in Britain: concentrations
over 300 ppm are almost entirely restricted to humans
excavated from machair regions of the Northern and
Western Isles (Evans et al. 2012). This combination of
a seawater ratio and high concentration is therefore
highly characteristic of the strontium proﬁle of human
populations occupying coastal regions or small islands
in the North Atlantic irrespective of the geology
(Fig. 6). There are few Neolithic individuals from the
Western Isles against which to directly compare
the Balevullin skeleton but one from Haugabost,
Harris, produced a virtually identical combination
of strontium isotope ratio and concentration, ie,
0.70934 and 307 ppm. This strontium proﬁle, which
is observed in archaeological skeletons in the North
Atlantic from the Neolithic through to the medieval
period, has been suggested to reﬂect the environmental
and cultural practices of people who inhabit small,
maritime islands in the North Atlantic and their
consumption of plants grown on soils improved and
fertilised with seaweed and subject to persistent salt
TABLE 3: CARBON AND NITROGEN ISOTOPE ANALYSIS OF INCREMENTAL DENTINE SECTIONS FROM 2ND PREMOLAR
OF THE BALEVULLIN 1 SKELETON
Dentine section Age in years δ13C ‰ δ15N ‰ Amt%C Amt%N C:N
TIRE 20 1 – apex 14.0 –20.2 11.7 57.9 21.2 3.2
TIRE 20 2 13.3 –20.4 11.8 67.3 24.6 3.2
TIRE 20 3 12.6 –20.4 11.9 56.3 20.5 3.2
TIRE 20 4 11.9 –20.3 12.2 60.0 22.0 3.2
TIRE 20 5 11.2 –20.3 12.4 55.3 20.3 3.2
TIRE 20 6 10.6 –20.4 12.3 52.5 19.1 3.2
TIRE 20 7 9.9 –20.3 12.3 57.0 20.8 3.2
TIRE 20 8 9.2 –20.3 12.5 55.9 20.5 3.2
TIRE 20 9 8.5 –20.3 12.6 54.7 20.0 3.2
TIRE 20 10 7.8 –20.2 12.7 56.2 20.6 3.2
TIRE 20 11 7.1 –20.2 12.5 55.6 20.4 3.2
TIRE 20 12 6.4 –20.4 12.2 55.7 20.4 3.2
TIRE 20 13 5.7 –20.7 12.0 59.5 20.0 3.2
TIRE 20 14 5.1 –20.5 11.9 60.5 22.3 3.2
TIRE 20 15 4.4 –20.3 11.3 56.5 20.8 3.2
TIRE 20 16 – crown 3.7 –19.5 12.0 56.8 20.8 3.2
Mean of crown dentine (10–16) –20.2 12.1
Mean of whole tooth dentine (1–16) –20.3 12.1
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deposition from sea-splash (Montgomery et al. 2007a;
Montgomery 2010).
Oxygen isotopes from the carbonate and phosphate
fractions of the tooth enamel produced broadly con-
sistent values (17.7‰ for enamel phosphate, 26.3‰
and 26.8‰ for enamel carbonate). Conversion to pre-
cipitation of these three results (Table 2) produced a
range of values between −6.4‰ and −7.3‰ and high-
lights the signiﬁcant uncertainty associated with using
such equations and the necessity to be circumspect
when interpreting oxygen isotope data (Pollard et al.
2011). Nonetheless, the measured phosphate value of
17.7‰ is within the range obtained for prehistoric
individuals from Skye (Montgomery et al. 2007b),
South Uist (Parker Pearson et al. 2005), Orkney
(Montgomery et al. 2007c), Mull, Arran, Lewis, and
Harris (Evans et al. 2012). For example, the Neolithic
individual from Haugabost produced an oxygen isotope
ratio of 18.0‰ which lies within analytical error of the
Balevullin skeleton. The value of 17.7‰ also falls within
the mean of 18.2±0.5‰ (1σ) proposed by Evans et al.
(2012) for human populations inhabiting the higher
rainfall (ie western and northern) areas of Britain. The
oxygen isotope data are, therefore, consistent with
origins on the western or northern seaboard of Britain.
Carbon and nitrogen isotope analysis of the rib
(δ13Ccoll =−20.4‰ and δ15N=11.3‰), and carbon
isotope analysis of the enamel (mean δ13Ccarb=
−14.8‰) indicates a diet based predominantly on C3
plants and protein from terrestrial sources, with little
Fig. 6.
A plot of enamel strontium isotope and concentration for skeletons excavated from the Inner and Outer Hebrides. The
majority of individuals from the Outer Hebrides and the skeleton from Tiree fall within the triangular ﬁeld: as the strontium
concentration increases, the ratio approaches that of seawater. Individuals outside this triangle are deemed to be immigrants
to the Outer Hebrides. Analytical uncertainty for 87Sr/86Sr estimated at ±0.002‰ (2σ) is within symbol
(data source: Montgomery et al. 2007a and b; Evans et al. 2012)
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evidence for the consumption of marine resources
(Figs 7 & 8). Figure 7 compares the δ13Ccarb value
obtained from enamel which represents whole diet
(including carbohydrate), with the mean δ13Ccoll value
obtained from dentine within the tooth crown (mean
crown δ13Ccoll= –20.2‰) which derives largely from
consumed protein. These two tissues have overlapping
formation times between the approximate ages of 2.5
and 8 years (AlQahtani 2009) and together provide
strong evidence for a terrestrial diet during this period.
The dietary isotopes are thus consistent with the
estimated upper δ13Ccoll limit proposed by Bonsall
et al. (2009) for Neolithic terrestrial diets in the north-
west Atlantic region of −20.0‰ and comparable with
other Neolithic individuals from the western seaboard
(Schulting & Richards 2002; Jay et al. 2012).
Depending on metabolic rates and collagen turnover,
the isotope ratios of the ribs of adults may represent an
average of several years dietary inputs (Hedges et al.
2007), and would thus not be expected to record any
anomalous or sporadic short-term episodes of stress or
dietary change during childhood.
Fig. 7.
A plot of δ13C values for enamel carbonate (whole diet) against the mean value of co-genetic crown dentine collagen (dietary
protein). Errors bars indicate analytical precision of ±0.2‰ (1σ) and are within symbol for enamel carbonate. Regression
lines for C3, C4 and marine diets are reproduced from Kellner and Schoeninger (2007)
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Bulk bone, enamel, or dentine measurements,
however, are averaged values over an often uncertain
number of years and offer poor temporal resolution
(Beaumont et al. 2013; Montgomery et al. 2013).
To investigate whether there was any underlying
childhood dietary evidence that might assist in the
understanding of the environmental or physiological
factors that contributed to the palaeopathological
evidence for the Balevullin skeleton, a δ13C and δ15N
dietary life-history proﬁle between the ages of 3.5 and
14.5 years was produced from the incremental dentine
sections (Fig. 8, plot b). For comparison, childhood
dietary proﬁles from two other adult individuals from
the broadly contemporary Neolithic cist at Sumburgh,
Shetland Isles (Montgomery et al. 2013) are included
in Figure 8 (plots a and c). Although there is little
variation in δ13C of the Balevullin skeleton between
the ages of 6 years and adulthood (as indicated by the
rib value), the δ13C proﬁle falls between the ages of 3.5
and 6 years and, coupled with a similar fall in δ15N
from 3.5 to 4 years, this suggests a reduction in marine
protein during this period. An alternative interpreta-
tion is that the fall in both δ13C and δ15N represents
relatively late weaning at around the age of 3.5 years,
which is by no means impossible (Stuart-Macadam &
Dettwyler 1995). The dentine δ15N values are higher
than those from the adult rib sample: mean= 12.1±
0.4‰ (1σ, n= 16) compared to 11.3‰ for the rib
(Fig. 8, plot b) and the main trend is a rise from age 4
to around 8 years, followed by a fall until the com-
pletion of tooth root formation at around 14.5 years
of age (this falling trend continues in the bone sample).
If the high δ15N value was the result of a period of
marine protein consumption, the δ13C proﬁle would
also be expected to rise as can be seen in SUMB-44
between the ages of 2 and 6 years (Fig. 8c). Equally, a
Neolithic largely terrestrial diet in Shetland appears to
result in both proﬁles remaining within the shaded
zone for SUMB-41 (Fig. 8a). As discussed above, bone
collagen values for both δ15N and δ13C would be
expected to be within this zone for the majority of
Neolithic individuals in Britain consuming a
terrestrial-protein diet as for example at the Neolithic
site at Carding Mill Bay where individual δ15N bone
collagen values do not exceed 10.0‰ and δ13C are
below −21.3‰ (Schulting & Richards, 2002).
Given the consistently ﬂat δ13C proﬁle until the age
of 14.5 years, this rise in δ15N may reﬂect a dietary or
physiological change, such as an increased consumption
of high-trophic level terrestrial protein (eg, omnivorous
rather than herbivorous animal protein or human
milk) or nutritional and/or physiological stress (Fuller
et al. 2006; Beaumont et al. 2013). The high strontium
concentration found in the tooth enamel would
perhaps mitigate against a high-meat diet because the
amount of strontium in skeletal tissues is lower in
carnivores than herbivores in a foodchain due to
Fig. 8.
13C and δ15N life-histories produced from incrementally
sampled dentine collagen for: a: SUMB-41, b: Balevullin 1,
c: SUMB-44. Proﬁles a and c, and the shading are redrawn
from Montgomery et al. (2013); the latter estimates the zone
for Neolithic terrestrial diets in the Northern and
Western Isles
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removal (biopuriﬁcation) of strontium at each trophic
level (Burton et al. 1999; Burton & Price 2000): if an
individual was consuming a largely meat-based diet or
meat from omnivores or carnivores, they would be
expected to have low strontium concentrations. The
separation of δ15N from the δ13C proﬁle during
the childhood of the Balevullin skeleton is therefore
unusual in the context of contemporary individuals
from a small, agriculturally marginal NW Atlantic
island. A similar divergence of δ15N from δ13C can be
seen in the proﬁle of SUMB-44 between the ages of
10 and 15 years and nutritional or health stress was
postulated as a cause given that at this age, breast-
feeding is not a plausible driver and for the rest of
the population δ15N remained within the shaded zone
when δ13C were also indicating a terrestrial diet
(Montgomery et al. 2013). During periods of fasting,
fevers, and malnutrition, catabolism can occur. Body
tissues are recycled with a resulting rise in δ15N without
a corresponding rise in δ13C (Mekota et al. 2006;
Duška et al. 2007). The hypothesis that Ballevullin 1
was subject to such a period of stress is supported by
the lower adult bone collagen δ15N value.
Overall, the isotopic results are all consistent with a
childhood spent in the Hebrides for Balevullin 1 but
indicate she experienced some dietary or physiological
change between the approximate ages of 4 and 14
years possibly following, or due to, the removal of
marine protein or breast milk from the diet.
DISCUSSION
Prior to the present work, our understanding of
Neolithic funerary activity in Argyll in the Inner
Hebrides has been largely conﬁned to the evidence
from monumental chambered cairns. Although
numerous examples are known from the region,
however, none has so far been identiﬁed on Tiree and
the distribution on adjacent islands and the nearby
mainland is extremely sparse (Ritchie 1997, ﬁg. 5.1).
Neolithic activity is known from recent re-
examination of chipped stone assemblages, often
from antiquarian collections including those of
Ludovic Mann (Mithen et al. 2007), but no sites of the
period have been systematically excavated.
Aside from Balevullin, only one other Neolithic
ﬂat inhumation cemetery is presently known in
Britain, at Barrow Hills, Radley in Oxfordshire
(Barclay & Halpin 1999). Here the contracted burials
of two adults (male and female) and a child were
arranged on various orientations, with grave goods
limited to a few ﬂint ﬂakes. An AMS date of
3380–3090 cal BC (Barclay & Halpin 1999, 33), from
the adult male, is consistent with that from Balevullin.
Radiocarbon determinations from the other two ske-
letons produced similar results, but with wider stan-
dard deviations. Slightly more common are individual
inhumations, including an unaccompanied child
inhumation from Northton in the Isle of Harris, where
the overlying midden has been dated by a single AMS
determination to 3350–2890 cal BC (Simpson et al.
2006, 44). Elsewhere in Britain, individual inhuma-
tions are occasionally found in association with Neo-
lithic funerary monuments, (eg, Saville 1990; Morgan
1959) and in the ditches surrounding causewayed
camps (eg, Smith 1965; Mercer & Healy 2008).
Gibson (2007) has also discussed the occurrence of
Neolithic inhumation burials under round barrows.
Isolated inhumations, however, represent a seemingly
sporadic minority rite.
There is nothing in the scattered Neolithic inhu-
mations to suggest that these individuals were of high
status. Children seem unusually well-represented, as at
Balevullin (individual 4), Radley and Northton, while
the unusual physical condition of the Balevullin 1
adult skeleton might even hint at some low status or
marginal position for some of these individuals. The
graves are non-monumental and generally devoid of
grave goods. Energy expenditure is relatively minimal,
even at Balevullin 1 where stones marked the grave.
Inhumation was clearly not a normative rite and we
should not assume that it was intended to honour the
deceased or ensure their passage to the otherworld.
Taylor (2002) has suggested, for example that inhu-
mation may in certain circumstances involve deliberate
removal of certain individuals from the usual funerary
rites and be intended to prevent the translation of their
souls; perhaps through fear of troublesome ghosts, or
as a punitive act.
The question remains as to how anyone could have
contracted rickets on Neolithic Tiree. Vitamin D
deﬁciency should not be a problem for anyone
exposed to a rural outdoor lifestyle and able to
metabolise vitamin D – certain genetic conditions can
prevent the efﬁcient production of vitamin D, but these
are extremely rare (Malloy & Feldman 2010). It is
possible that Balevullin 1 may have experienced a
period of famine as a result of conﬂict or crop failure
which may have produced the observed changes in her
δ15N dentine collagen proﬁle, although no evidence is
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available from contemporaneous individuals to test
this hypothesis. The strong implication, however, is
that this individual, almost certainly a woman and
probably local, was either kept indoors for much of
their childhood, or else habitually wore clothing or
costume that prevented adequate absorption of sun-
light: the latter especially is a common cause of rickets
in certain modern cultures (Hatun et al. 2005). There
may of course have been a vicious cycle involved here,
since initial illness might have led to conﬁnement
which would have progressively exacerbated the con-
dition. The lack of any signiﬁcant marine component
in the diet may also have been a contributory factor,
since consumption of oily ﬁsh could have provided an
alternative source of vitamin D even for an individual
kept indoors or covered up. Neolithic communities in
the region appear to have engaged in dairy farming
from the beginning of the period (Cramp et al. 2014),
and a lack of calcium, which can contribute to the
development of skeletal rickets deformities (Brickley
& Ives 2008, 93), is therefore also unlikely unless the
individual was denied access to cow’s milk. The
putative aetiology for the rickets must include the
presence of a period of nutritional stress as suggested
by the incremental dentine δ15N proﬁle. Although the
original osteological report identiﬁes the presence of
linear enamel hypoplasia, recent images of the teeth do
not show this to be present on teeth which were
forming at the time of the putative nutritional stress.
We can speculate on various scenarios that might
have resulted in conﬁnement or concealment. She
might, for instance, have had some special religious
role that conﬁned her to a dark interior space, or
entailed a costume that covered her body and shielded
her face; alternatively she might simply have been
a domestic slave seldom able to venture outdoors.
There are of course innumerable possibilities, but
these at least serve to demonstrate that neither
high nor low status is necessarily entailed by
her condition. Given the dearth of comparable
skeletal material, however, it is too early to tell whe-
ther her situation was unique or whether rickets was a
recurrent product of some cultural practice peculiar to
the region.
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RÉSUMÉ
Différence dans la mort? Un cimetière à inhumation néolithique perdu avec le plus ancien cas de rachitisme en
Grande-Bretagne, à Balevullin, Ecosse de l’ouest, de Ian Armit, Fiona Shapland, Janet Montgomery et Julia
Beaumont
De récentes datations au C14 d’un squelette de Balevullin, île de Tiree, mis au jour au début du vingtième siècle,
démontrent qu’il date de la période néolithique, plutôt que de l’âge du fer comme nous nous y attendions à
I. Armit (et al.). NEOLITHIC INHUMATION CEMETERY, EARLIEST CASE RICKETS, BALEVULLIN, SCOTLAND
15
l’origine. Un examen ostéologique donne à penser que l’individu était une jeune adulte, présentant des
déformités ostéologiques consistantes avec une carence en vitamine D causée le plus probablement par du
rachitisme durant l’enfance; une identiﬁcation exceptionnellement précoce de la maladie au Royaume-Uni avec
d’éventuelles implications sociales signiﬁcatives. L’analyse isotopique appuie les témoignages ostéologiques de
stress physiologique à l’enfance et de plus, donne à penser que cette femme était fort probablement native de ces
îles. Une analyse des archives écrites subsistantes révèle que le squelette survivant était l’un de plusieurs
recouvrés originellement sur ce site, faisant de Balevullin un exemple particulièrement rare de cimetière à
inhumation du néolithique britannique.
ZUSSAMENFASSUNG
Differenz im Tod? Ein verlorener neolithischer Bestattungsplatz für Körperbestattungen mit Großbritanniens
frühestem Fall von Rachitis bei Balevullin, Westschottland, von Ian Armit, Fiona Shapland, Janet Montgomery,
und Julia Beaumont
Die jüngst vorgenommene Radiokarbondatierung eines Skeletts von Balevullin, Tiree, das im frühen 20.
Jahrhundert ausgegraben worden war, datiert es in das Neolithikum statt, wie bislang angenommen, in die
Eisenzeit. Osteologische Untersuchungen zeigen, dass das Individuum eine junge erwachsene Frau war, die
osteologische Deformierungen aufweist, die mit Folgen von Vitamin D-Mangel übereinstimmen, was sehr
wahrscheinlich auf Rachitis in der Kindheit zurückzuführen ist; dies ist ein ungewöhnlich früher Hinweis auf
diese Krankheit in Großbritannien mit möglicherweise bedeutenden sozialen Implikationen. Isotopenuntersu-
chungen stützen die osteologischen Indizien für physiologischen Stress in der Kindheit und lassen zudem
erkennen, dass die Frau sehr wahrscheinlich eine Ortsansässige der westschottischen Inseln war. Eine
Überprüfung der erhaltenen schriftlichen Dokumentation zeigt, dass das erhaltene Skelett eines von ursprünglich
mehreren am Fundort entdeckten Skeletten war, was Balevullin zu einem außergewöhnlich seltenen Beispiel
eines britischen Gräberfelds des Neolithikums mit Körperbestattungen macht.
RESUMEN
¿Diferencias en la muerte? Un cementerio perdido de inhumación Neolítico con los casos más tempranos de
raquitismo, en Balevullin, oeste de Escocia, por Ian Armit, Fiona Shapland, Janet Montgomery, y Julia
Beaumont
La datación radiocarbónica de un esqueleto de Balevullim, Tiree, excavado a inicios del siglo XX, demuestra que
procede del Neolítico, en lugar de la Edad del Hierro como originalmente se propuso. El análisis osteológico
sugiere que el individuo era una mujer adulta joven que presentaba deformidades osteológicas relacionadas con
una deﬁciencia de vitamina D, probablemente derivada de un raquitismo durante la infancia, se trata de una
identiﬁcación excepcionalmente temprana de la enfermedad en el Reino Unido con implicaciones sociales
potencialmente signiﬁcativas. Los análisis isotópicos sostienen la evidencia osteológica de un estrés ﬁsiológico
durante la infancia y sugieren incluso que la mujer procedía probablemente de las islas. El análisis de los
archivos escritos conservados revela que este esqueleto fue uno de los que originalmente se recuperaron en el
sitio, convirtiendo a Balevullin en un ejemplo excepcionalmente raro de cementerio de inhumación del Neolítico
británico.
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